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31 DICOM PS3.14 GSDF 

As mentioned in Section 1*1, DICOM PS3.14 was issued in 1998 to ensure consistency of 
image data display, by regulating a GSDF. 

A minimum difference in luminance of a given target which can be noticed by an 
average human observer under a given observation condition is defined as 1 JND (Just 
Noticeable Difference). A GSDF is a JND that is plotted up to 1023 steps when a 
minimum luminance is 0.05cd/m 2 (Fig. 4). JND INDEX indicates an input value for a 
display apparatus. A mathematical expression is provided to be incorporated in 
equipment (Table 5). 

Using this function, a JND can be calculated from a maximum luminance and a 
minimum luminance, to find the number of gradation steps that can be recognized by 
man. At this time, care should be taken to the fact that a luminance thus obtained 
includes influence of surrounding light. For example, the luminance of a 
film/shaucasten calculated in Section 1-1 is as follows, using Expression (2) in Table 5. 

JND=±JNDmax'JND min^'(Lmas)y(L 
Assuming a monitor with Z/22iJ3=1.0cd/m 2 and Z,/nas=400cd/m 2 , there holds the 
expression, 

J2VZ>=672.8-71.5=601.3. 
Under the above condition, the expression indicates that the value of theoretically 
recognizable steps of luminance is 762 in the case of a film/shaucasten*, and 601 in the 
case of a monitor. 

3-2 Application to a monitor 

A procedure for applying a GSDF to a monitor will be described below. 

(1) Determine Lmin and Lmax y in consideration of surrounding light. 

(2) Calculate JNDmax and JNDmin from Lmassmd Lmin, using Expression (2) in Table 5. 

(3) When each input level is specified by value P, JND is divided into 2 n *l to be allocated, 
to the resolution (n bit) of a digital input signal. The luminance L of with respect to 
each value P is calculated as follows using Expression (l) in Table 5. 

When an input is 8 bit in the monitor described in Section 3-1, 
L=Ul 1 . 5+60 1 . 3 jlP/255) 
=Z(71.5+2.358xi}, P=0, 1, 255 
The luminance is given in 2.358 JND steps, in the range of 1 cd/m 2 to 400cd/m 2 (Fig. 4) . 
In the case of a film, conversion to a higher density value is required. 
Fig. 5 shows, as a reference, comparison of various gradation characteristics when 



Z,inia=1.0cd/m 2 and Lmax =400cd/ m 2 . Basically, y=2.2 is a characteristic of a CRT, and 
Loglinear is a characteristic of a film. In general, LCD is also set to exhibit a 
characteristic of y=2.2. 
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Fig. 4 Application of a GSDF to a Monitor 



Table 5 Expression for Calculating GSDF 



JND INDEX -» LUMINANCE 

, og ' L (j) = a+c ■ Ln (j) +e - (Ln (j) ) 2 +g ■ (Ln (j) ) 3 +m * (Ln (j) ) 4 ■ 

1 + b-Ln (j) +d- (Ln (j) ) 2 +f- (Ln (j) ) 3 +h- (Ln (j) ) 4 +k- (Ln (j) ) 5 

J=1~1023 

a=-1 .301 1877, b=-2.5840191E-2, c=8.0242636E-2, d=-1.0320229E-1 
e=1.3646699E-1, f=2.8745620E-2, 9=-2.5468404E-2, h=-3. 197897 7 E-3 
k=1 .2992634 E-4, m=1 .363 5 334 E-3 

LUMINANCE ^ JND INDEX 

j (L) =A+B -Log 10 (L) +C- (Log 10 (L) ) 2 +D- (Log 10 (L) ) 3 +E- (Log 10 (L) ) *+ 

F • (Log 30 (L) ) S +G- (Log 10 (L) ) 6 +H • (Log 10 (L) ) 7 +l • (Log 10 (L) ) 8 (2) 

A=71 .498068, B=94. 593053, C=41.912053, D=9.8247004 
E=0.28175407. F=-1.1878455. G=-0.1 801 4349. H=0.14710899 
!=-0.01 704684 5 
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L=La+Lo • 10"" 

£a : 7-T 7l/AtcJ;oTS^n?.®i?2^F«3^ 
Lo : !7^7VAftW&U&V^^#X7^cDi!SeF 
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Table 1 :7-<;l/Z*»££®S 
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Lo=2,793cd/m' 
Z.a=0.73cd/m 2 
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Table 3 CRTO>— ABW^St 
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Table 4 LCD CD— HSWRSI 
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3-1 DICOM PS3.14 GSDF 

\ / DICOM PS3. 1 4 1 - 1 JMXi&^tZ J; -5 ICHI^— 3? © 

^ mjrxDm&fe&t&rci&ic, gsdf;&*i^li9983^c 

©©^[COM^lJNDOust-Noticeable Difference, #glj 
*S) S/J^JS^r 0.05cd/m 2 £ LT 1023X7=" 

'y^S-ecDJND^ya-y h LfcOtf, GSDF-Cfe-S 
(Fig. 4). JNDINDEXA^f^H^-rSA^Jlii:^: 

(Table 5) 

^XT^Tgt^nfdSiKteTable 5(2)^«fc»9, 
JND=JND 

=j(\ 893. 9)-y(4.0)=908.2-l 45.7 
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Table 5 GSDF J££Ji£ 



JND INDEX 
log 10 L (j) = . 



a+c-Ln(j)-K>-(Ln (j)) 2 +g«(Ln (j) ) 3 +m • (Ln (j) ) 4 



(1) 



3-2 "E^^CDj&m 

Lmin, Lmax^l^^^T^. 

(2) Lmin, LmaxfrZ, JNDmm ilJNDmax ^ErTable 5 (2) 

(3) tV iS?S\sXJjm^(DMm&<in biOlcMU&XJj 
U^yl/^rPfttt L f JND^:2"-HC^^LTSiJDfeT 

Z=£ (jNDnm+JNDXP/ (2 1 ) ) , JND=JNDmax—JNDmm 

L—L (7 1 . 5+60 1 . 3x/V2 55) 
=Z,(71.5+2.358>cP), />= 0 , 1, 255 

®K^lcd/m 2 ^e>400cd/m 2 cr)®ffll? 2.358JND 

Fig. 5tt, ^tLTlm/^l.Ocd/m 2 , Z,/najc=400cd/ 
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1 +b-Ln (j)+d- (Ln (j) ) 2 +f- (Ln (j) ) 3 +h- (Ln (j) ) Vk- (Ln (j) ) 5 

j= 1 ^1023 

a=-1 .3011877. b=-2.5840191E-2. c=8.0242636E-2, d=-1 .0320229E-1 
e=1.3646699E-1, fe2.8745620E-2, g=-2. 5 468404 E-2. h=-3.1978977E-3 
k=1 .2992634 E-4, m=1. 363 5334 E-3 



-* JND INDEX 

j (L) =A+B-Log 10 (L) +C- (Log 10 (L) ) 2 +D- (Log 10 (L) ) 3 +E- (Log 10 (L) ) 

F • (Log 10 (L) ) 5 +G • (Log 10 (L) ) 6 +H • (Log 10 (L) ) 7 +l • (Log 10 (L) ) 8 (2) 

A=71 .498068, B=94. 593053, C=41.912053, 0=9.8247004 
E=0.281 75407, F=-1.187845S. G=-0.18014349, H=0.14710899 
l=-O.01 704684 5 
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